Course Description
Physically based shading is transforming the way we approach production rendering, and simplifying the lives of artists in the process. By adhering to physically based, energy-conserving models, one can easily create realistic materials that maintain their properties under a variety of lighting conditions. In contrast, traditional ad hoc models have required extensive tweaking to achieve the same result. Building upon previous incarnations of the course, we present further research and practical advice on the subject, from film and game production.
Level of Difficulty: Intermediate

Intended Audience
Practitioners from the videogame, CG animation, and VFX fields, as well as researchers interested in shading models.
Eric Heitz received his M.Sc. degree in Computer Science from the Karlsruhe Institute of Technology, Germany, and an Engineering degree from Ensimag, France, in 2010. He is a Ph.D. student in Computer Science at INRIA, France, under the supervision of Fabrice Neyret. His research interests include level-of-detail representations, local illumination, proceduralism, and physically based rendering.
Naty Hoffman is Vice President of Technology at 2K. Previously he was employed at Activision (working on graphics R&D for various titles, including the Call of Duty series), SCEA Santa Monica Studio (coding graphics technology for God of War III ), Naughty Dog (developing PS3 first-party libraries), Westwood Studios (leading graphics development on Earth and Beyond ) and Intel (driving Pentium pipeline modifications and assisting the SSE / SSE2 instruction set definition).
Sébastien Lagarde is a graduate software engineer who has worked in the game industry since 2003 as an engine programmer with expertise in rendering. He has worked on many consoles and many different titles, from small casual games to AAA games, such as Remember Me. He also developed the kernel of the Trioviz SDK, a stereoscopic system used in many AAA games (Batman: Arkham City and Arkham Asylum, Assassin's Creed II, Gears of War 3, etc.). Sébastien has worked for Neko Entertainment, Darkworks, Trioviz and Dontnod. He is now working at EA, within the Frostbite team.
Anders Langlands began his career at MPC in shading and rendering R&D. There he wrote the first two and a half versions of their central shader library and developed their scene-referred lighting pipeline, trying to walk the fine line between physical accuracy and pragmatism in production. Most recently he was MPC's VFX Supervisor on X-Men: Days of Future Past. Since then he has moved to Solid Angle where he continues to work on applying physically based practices to production challenges. 
Abstracts
Background: Physically-Based Shading Naty Hoffman
We will go over the fundamentals behind physically based shading models, starting with a qualitative description of the underlying physics, followed by a quantitative description of the relevant mathematical models, and finally discussing how these mathematical models can be implemented for shading.
Understanding the Masking-Shadowing Function
Eric Heitz
The purpose of this talk is to share intuitions concerning the construction of the common microfacetbased BRDF model. We go through the derivation of the model and its properties with simple drawings rather than complicated equations. With these insights, we are able to answer common questions, such as: "Among the different masking functions, which one should I use? Are they all physically correct?", or "Microfacet-based BRDFs do not integrate to 1. Shouldnt they be perfectly normalized?".
Antialiasing Physically Based Shading with LEADR Mapping
Jonathan Dupuy
A microfacet BRDF describes the appearance of a surface as the global behavior of an illuminated heightfield. The traditional approach to compute this global behavior is to discretize the heightfield into a set of microfacets, that reflect and/or occlude incident light rays as well as each other. The amount of energy that bounces off the surface towards any direction of observation is then directly proportional to the probability of finding a suitably oriented facet on the heightfield. This result, which was originally derived in the physics literature, is now widely used in physically based rendering pipelines.
Like any other shading model, microfacet BRDFs must be filtered properly in order to avoid aliasing in the final image. Interestingly, microfacet theory can also serve as a GPU-friendly antialiasing technique for normal-and displacement-mapped surfaces, as well as spatially varying BRDFs. This talk will provide the necessary material to prove these results in greater detail, some of which were introduced only recently in the "LEADR Mapping" paper we presented at SIGGRAPH Asia 2013. This will also give us the opportunity to share the practical issues we encountered while implementing a GPU accelerated LEADR mapping renderer for Ptex-textured 3D models, and finally discuss how to fix/improve them.
New Shading Models for New Consoles Yoshiharu Gotanda
Physically based shading models have become widely adopted by game developers, but they have also been limited, for performance reasons. With the arrival of a new generation of videogame consolesoffering a huge increase in computational power-more sophisticated shading models are now afford-able. This talk explores several examples, which achieve more believable results compared to established models.
Moving Frostbite to PBR Sébastien Lagarde and Charles de Rousiers
Over the past few months, we re-evaluated the concept of image quality in Frostbite. The core of our approach was to be as close as possible to a cinematic look, whilst using ground-truth reference to judge the accuracy of our results. Physically based rendering (PBR) was the natural way to achieve this. Our talk will cover all of the steps needed to switch a production engine to PBR, including many small details that are often skipped over in the literature.
The state of the art in real-time PBR techniques allowed us to achieve good results, but not without production issues. We will present some techniques for improving convolution time for image-based reflections, better handling of ambient occlusion, and coherent lighting units, which are mandatory for level editing. Moreover, we have managed to reduce the quality gap-highlighted by our systematic reference comparisons-particularly with respect to modeling rough materials, glossy screen-space reflections, and area lighting.
The technical part of PBR is crucial for achieving good results, but represents only the tip of the iceberg. Frostbite has become the pillar engine within EA and is now used by a large number of game teams. Moving all of these teams from "old fashioned" lighting to PBR has required a lot of education, running in parallel to the technical development. To further aid the art production transition, we provided editing and validation tools, and built a flexible material parametrization framework to adapt to the various authoring tools and game teams' requirements. All of these initiatives will be covered in our talk.
Physically Based Shader Design in Arnold Anders Langlands
The alShaders library began as an experiment to try and build a generic library of production shaders for Arnold. Open source from the beginning, it has seen action in several studios around the world. At the core of the library is the general-purpose, physically plausible surface shader: alSurface. This talk will explore the design decisions that went into building the surface shader, such as the handling of specular, fresnel and energy conservation, and the virtues of an uber-shader model versus a BSDF-stack model. We will explore Arnold and its API, and see how the design decisions in the renderer itself lead naturally to certain decisions in the design of shaders for it. We will look at the BSDFs used and how they interact, discuss the balance between accuracy, efficiency and familiarity for users, and consider how a physically plausible shader should fit into a VFX compositing pipeline with a look at AOVs.
Finally, we will identify the limitations of the current shader design. We will explore what might have been done differently, and what effect that would have had. We will look at future plans for building an improved shader and use that to discuss the still-unsolved problems in physically based rendering, such as efficient multiple scattering, looking briefly at recent research to see what avenues might be most fruitful.
Pixar's Art-Directable, Physically Based Lighting System Ian Megibben and Farhez Rayani
In this talk, we will cover the transition from Pixar's existing lighting and shading technology to a physically based, global illumination system. As part of this process, we challenged the new tools to see if we could maintain the same level of artistic control, achieve consistency with the look of characters and worlds already familiar to audiences, and explored the benefits it offered to workflow efficiency and look.
We will demonstrate lighting methodologies employed by Pixar's lighting artists in the context of the television special, Toy Story of TERROR!.
